Summary
Background: For storage, transport and administration of blood products, German transfusion guidelines stipulate an infection control program in each hospital. Monitoring of bacterial contaminations shall help to improve the realization of this program. Materials and Methods: Two refrigerators for storage of blood products on wards, three thawing devices for fresh frozen plasma (FFP), two cell savers for intraoperative autologous blood collection, and several blood warmers for massive transfusions were screened semiquantitatively by impression plates. Also two water baths for thawing of blood stem cell transplants, which had to be filled with sterile fluids only whilst using, were swabbed. The examinations were repeated after 4, 12, 16 and 31 months. Results: The refrigerators, cell savers and blood warmers showed a low to modest number of environmental bacteria (0-50 CFU/25 cm 2 ). Only in the water from the reservoir of one of the blood warmers we found repeatedly high numbers of Gram-negative non-fermenting rods (>100 CFU/ml). The thawing devices for FFP were sometimes contaminated with a high number of environmental bacteria and moulds (>50 CFU/25 cm 2 ). At one occasion, one of the water baths showed growth of a high number of bacteria (>50 CFU/25 cm 2 ). Meanwhile, the blood warmer with water reservoir and the water baths have been replaced by more suitable devices. Conclusion: Monitoring of bacterial contaminations should be done routinely also in clinical transfusion medicine. Such examinations allow for recognizing problems, and recommending actions to eliminate weak points. 
Schlüsselwörter

Introduction
Blood donation services take a lot of measures to reduce the risk of transfusion-associated infections, for example: -careful selection of blood donors by obtaining their medical history, physical examination and giving the opportunity of confidential unit exclusion [1] , -prevention of bacterial contamination during blood collection and component preparation, e.g. by skin disinfection before phlebotomy, predonation sampling and use of sterile closed systems of blood bags [2, 3] , -laboratory testing of the donated blood for Treponema pallidum, HBV, HCV and HIV, in special cases also for other pathogens like CMV, in the case of FFP repeated testing of the donor before issue of the quarantine plasma [4, 5] , -leukocyte depletion for reducing pathogens (e.g. Yersinia enterocolitica or CMV) [6] , -inactivation of pathogens (e.g. solvent/detergent treatment of pooled plasma) [7] , -random sterility controls of the blood products [8] , and -proper blood component storage and shipping, continuously maintaining the correct temperature [9] . Also in hospitals and other patient care units several measures are taken to reduce the risk of infection for the recipients, for example -different methods of autologous hemotherapy in suitable patients (e.g. preoperative autologous blood donation or intraoperative blood collection by using a cell saver) [10] , -proper blood component storage and transporting, continuously maintaining the correct temperature [11] , -aseptical techniques for administration of blood products (e.g. venous access) [12, 13] , -examination of all suspected cases of adverse transfusion reactions, including sterility testing of the involved blood products [14] , and -starting look-back in cases of suspected transfusion-associated infections [15, 16] . German transfusion guidelines prescribe an infection control program for storage, transportation and administration of blood products in each hospital [17] . To improve the realization of this program, we have established in our hospital the monitoring of bacterial contaminations also in clinical transfusion medicine.
Materials and Methods
The following equipment used for blood transfusion in our hospital was examined: -two refrigerators (Philipp Kirsch GmbH, Offenburg, Germany) for red blood cell concentrates (on wards), -three thawing devices for fresh frozen plasma (Barkey GmbH, Leopoldshöhe, Germany), -two water baths used for thawing stem cell concentrates and fresh frozen plasma, that were filled with sterile fluid before use and evacuated and disinfected after use,
-several blood warmers for massive transfusion (Level 1 Technologies, Inc., Rockland, MA, USA; distributor: MC Medizintechnik GmbH, Alzenau, Germany), one of them with a water reservoir that had to be filled before use, -two cell savers for intraoperative autologous blood collection (C.A.T.S.  , Fresenius, Oberursel, Germany). After the 4th examination both water baths were replaced by thawing devices not needing water. From this time these new devices were examined. As the blood warmer with water reservoir was replaced by a new blood warmer (without such a reservoir) at the time of the 5th examination, it was also no longer examined. The equipment was placed on the following wards: -critical care unit for surgical patients, -critical care unit for children, -critical care unit for non-surgical patients, -central operating rooms, -emergency room, -stem cell transplantation unit for adults, -stem cell transplantation unit for children. The 2nd examination was carried out 4 months, the 3rd 12 months, the 4th 16 months and the 5th about 31 months after the 1st examination. Bacteriological examination was done by direct contact cultures that were taken from several places of the refrigerators, the thawing devices and the cell savers, especially also from their inner rooms (e.g. the centrifuge chamber of the cell saver and the shelves of the thawing devices). For the inner room of the water baths impression plates as well as swabs were used. Direct contact cultures were made also from the surface of the blood warmers. From the water reservoir of one blood warmer a water sample was taken. For the direct contact cultures impression plates (Rodac plates) with sheep blood agar were used, that were incubated at 36 ± 1 °C for 24 and 48 h [18] . The examinations were done as a screening, and therefore no special culture conditions for moulds were chosen. The contact area of the impression plates was 25 cm 2 . On the basis of this area the CFU numbers were used for defining the semiquantitative results of the bacteriological examination. The swabs from the water baths were plated on solid media (sheep blood agar) and cultured in CASO-Bouillon. The water sample from the water reservoir of one blood warmer was examined by membrane filtration technique on sheep blood agar [19] .
Results
The examinations of the two refrigerators on wards showed growth of 0-50 CFU/25 cm 2 environmental bacteria such as Bacillus sp., coagulase-negative staphylococci, Micrococcus sp. and in one device only at one occasion and on one position also 1-5 CFU/25 cm 2 moulds. Similar results were found for both cell savers: 0-50 CFU/25 cm 2 environmental bacteria (Bacillus sp., coagulase-negative staphylococci, Micrococcus sp. and in one device only at one occasion and on one place also viridans streptococci). No significant trends of contaminations were seen over the time.
On the blood warmers for massive transfusion we also found 0-50 CFU/25 cm 2 environmental bacteria (Bacillus sp., Micrococcus sp., coagulase-negative staphylococci). Only in the water from the reservoir of another blood warmer, repeatedly high numbers of Gram-negative non-fermenting rods (>100 CFU/ml) could be detected. Water baths for thawing stem cell concentrates and fresh frozen plasma were used on the precondition that they were filled with sterile fluid only before use and evacuated and disinfected immediately after use. In 3 of 4 examinations one water bath was empty, and no bacterial contamination was found. But at one occasion it was filled, and we found Bacillus sp. and non-fermenting Gram-negative rods (1 CFU/ml) in a water sample. This demonstrated that such devices are not appropriate for thawing procedures. Therefore, the water baths were replaced in the following time by devices not needing water.
On the thawing devices, environmental bacteria (Bacillus sp., coagulase-negative staphylococci, Micrococcus sp.) sometimes were found in a great number (>50 CFU/25 cm 2 ). Also moulds could be detected on 2 of the 3 thawing devices at some places at several times. Non-fermenting Gram-negative rods were found only at two occasions. There was no significant trend of contamination over the time, demonstrating that prevention of bacterial contaminations is a continuous process requiring repeated efforts (table 1) .
Discussion
In general microbiological surveillance examinations in hospitals and other patient care units are used for quality assurance, because they can help -to recognize infection risks for patients and staff, -to monitor measures of infection control and to document the efficacy of decontamination and disinfection, and -to motivate staff by information and training [20] .
In our microbiological surveillance examinations several pieces of equipment that are used for administration of blood products were tested for bacterial contaminations. The results were communicated to the transfusion representatives and the heads of the clinical departments together with the recommendation to take care that the required measures of regular cleaning and disinfection are done. In this context the results of our examinations could also be used for the instruction of the other staff. In intervals of some months up to 1 year we repeated our examinations several times as prevention of nosocomial infections is a continuous process. Some important results of our examinations were: -Thawing devices for fresh frozen plasma also need to be cleaned regularly as the inner room of their shelves may be contaminated by environmental bacteria and moulds. -In the water reservoir of a blood warmer for massive transfusion we repeatedly found a number of bacteria greater than allowed for drinking water. As this problem could not be resolved by measures of handling this device, we proposed to replace this device by another without such a reservoir. Based on the results of our study we recommend to regularly perform (e.g. once a year) some selected microbiological examinations also in clinical transfusion medicine to improve the realization of the infection control program in the hospital. By this surveillance latent problems can be uncovered, and measures to eliminate risks can be specifically proposed. Still more important is the educational impact of such examinations as they can demonstrate the importance of continuously obeying the rules for prevention of nosocomial infections. 
